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-> N Cycle




Part of all living things
(and some non-living stuff)




* The carbon cycle:

=> exchange of carbon between wvarious
reservoirs within the earth system.

 The carbon cycle is a bio-geochemical cycle
and since it involves the biosphere
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1. CO2 INATMOSPHERE

e Carbon Cycle Has Been In Balance for Millions of
Years

* But in the last century CO, levels have been
creeping up. |

« Why?




The carbon cycle
with and without humans

* In1750, WITHOUT industry & vehicles, *  [n2007, WITH industry & vehicles,
there was around 280 CO, molecules there is now 380 CO, molecules in
in every million air molecules every million air molecules (35%
increase)
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Biological Pump(s)

» The ocean plays a major role in the global carbon
cycle, exchanging CO, with the overlying
atmosphere.

» Uptake of atmospheric CO, by the oceans is driven
by physicochemical processes as well as biological
fixation of inorganic carbon species.

» The biogenic production of organic material and
carbonate minerals in the surface ocean and their
subsequent transport to depth are termed the
"biological carbon pumps".



Biological Pump(s)

Or ganic carbon pump Calcium carbonate pump

- At mosphere

Photosynthetic carbon fixati d th In  contrast, calcium  carbonate
© of oraanic matter to deoth. te < production and its transport to depth,

flux of organic matter to depth, termed
Qrgqnig carbon pump, denerates a referred to as the carbonate pump,
CO, _sink in the ocean. releases CO, _in the surface layer.




Biological Pump(s)
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Stalactide Caves
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The long term organic carbon cycle

 Only a tiny fraction of the organic material that is
generated by photosynthesis each year escapes the
decay process by being buried and ultimately
incorporated into fossil fuel deposits or sediments
containing more dilute fragments of organic
material.

 Through this slow process, carbon from both
terrestrial and marine biosphere reservoirs enters
into the long term organic carbon cycle.

e Weathering releases carbon back into the other
reservoirs.
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Cartoon representation of differential dissolution
with depth in the ocean.

At shallower depths,™ | I | |
usually <30 m, 20 40 B0 B0
planktonic

foraminiferal tests are % calcite dissolved
well preserved in the sediment. Below the lvsocline, preservation

rapidly deteriorates with depth. Below the CCD, tests are not
preserved.
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Plants Use Carbon Dioxide

* Plants pull carbon dioxide from the
atmosphere and use it to make food

- photosynthesis!! (a)
* The carbon becomes part of the plant (stored

food).

12H20 + 6CO2 + cahaya (glukosa) + 602 + 6H20

=



Animals Eat Plants

 When organisms eat plants, they take in the
carbon and some of it becomes part of their
own bodies.

* Besides, they have to do the respiration (b)
for their energy generation




Plants and Animal Die

 When plants and animals die, most of their
bodies are decomposed (b) and carbon
atoms are returned to the atmosphere.

* Some are not decomposed fully and end up
in deposits underground (oil, coal, etc.).




Carbon Slowly Returns to Atmosphere

* Carbon in rocks and underground deposits is
released very slowly into the atmosphere.

* This process takes many years.

* The fossils then turn to petroleum and the
derivates, being combusted (c) and released
carbon to the atmosphere

2 C8Hi18 (I) + 25 O2 (g) -> 16 CO2 (g) + 18 H20 (9)
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Hydrogen

 Hydrogen is one of the constituents of water.
It recycles as in other biogeochemical cycles. It
is actively involved with the other

* Hydrogen is involved in methanogenesys
process which has been described as integral
to the symbiosis between certain methane-
producing bacteria (methanogens) and
nonmethanogenic anaerobes.




Hydrogen in Anaerobic Digestion
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Definition of Oxygen

* Oxygen — a colorless, odorless, tasteless gas
* Denser than air
* Poor conductor of heat and electricity
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The Earth’s atmosphere consists of:
=> 21% Oxygen

The Earth’s lithosphere consists of:
=> 99,5% Oxygen

The Earth’s hydrosphere consists of:
=>46.60% Oxygen

The Earth’s biosphere consists of:
=>0.01% Oxygen



http://upload.wikimedia.org/wikipedia/commons/b/be/Top_of_Atmosphere.jpg

OXYGEMN INTHE ATNMOSPHERE
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Step One of Oxygen Cycle

* Plant release oxygen into the atmosphere as
a by-product of photosynthesis.

Step Two of Oxygen Cycle

* Animals take in oxygen through the process
of respiration.

 Animals then break down sugars and food.



e Carbon dioxide is released by animals and
used in plants in photosynthesis.

* Oxygen is balanced between the atmosphere
and the ocean.
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* Humans need it to breathe

* Needed for decomposition of organic
wasste

 Water can dissolve oxygen and it is this
dissolved oxygen that supports aquatic
life.



 Without oxygen at the bottom of the water body,
anaerobic bacteria produce acides.

 These acids cause a massive release of phosphorus
and nitrogen, two major fertilizers, from the organic
sediment and into the water column.

* These same anaerobic bacteria put toxic gases in the
water including hydrogen sulfide (that rotten egg
smell), ammonia, carbon dioxide and methane.
These gases are all toxic to fish, beneficial bacteria
and insects.



 Commodity ripening

e However, it should be controlled by
Controlled Atmosphere Storage (CAS) or

Modified Atmosphere Storage (MAS).
Coating also work worthed.

e See Vid (MAS)


2. Modified Atmosphere.flv
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Some Uses

* Production of organic molecules by plants
and animals. Ex: amino acids, proteins,
nucleic acids

* Plant nutrient- major one for vegetative
growth.
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Storage Sites

 Major area is the
atmosphere

* Organic matter in
the soil and in the
oceans

mgdéle compa_lct
de I'ion ammonium

modéle éclaté de I'ion
ammonium
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The Forms of Nitrogen in Storage

r Ty
Atmosphere '_{
N, some N, =
= I..._). traces af MO, . o MTH NGO "_'5.. 5]
= el = . E =
- =1 s 212
z o ° . g O
s | - s HE
g B | = g Eis
-i' .‘E": ‘:? - = ‘E E E
& | 815 £ iz i
| Sl= E F ¢
—— b =
Ty 1 |I'"
Anthrosphere o | Bigsphere
MHy, HNOy, MO, MOy = | Bialegically- nitrogen
Inorganic nigates Tl fuch as aming (NH4) nitmogen
Crganonitrogen axmpounds = | in proteine
g -
_ A 2|
HEE] h;L o |
] HEELE
E E E Hy here and Geosphere " 5
= = e byed MOy ™, NH,™Y -
'E g m;u e M in dead =
= omass and fossal fuels




- & iy T——
e e IEE~ r- ==
R g -1/

. S —-

Atmospheric Nitrogen (N,)

6 & Bacteria

Nitrogen-fixing f, o ,‘
bacteria living in e ) . =
legume root nodules ineralization Nitrates(NO, )

Decomposers
(aerchic and anaercuic
2 bacteria and fi::yi)

Nitrifying
Ammonification bacteria
Ammoaium .
y (NH,")

Nitrogen-fixing

soil bacteria Nitrifying bacteria



NEf
ATP

d Nfi
syste
A Nfi
amn

NITROGENASE |

acetyl-CoA+ CO .
. FL / N=N

pyruvate + CoA

ADP

reducing equivalents




N cycle — 1. Fixation

1. Fixation (cont.)

1The microbess
- Clostridium pasteuranium, Klebisella, Rhodobacter,
Rhizobium , Bacillus, Clostridium, dan Vibrio.
- Terrestrial habytat: Rhizobium + Leguminosae symbiosys
- Cyanobacteria : Anabaena, Nostoc, Gloeotrichia,
Oscillatoria, Lyngbya
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N cylce — 2. Ammonification

JAmmonification is a transformation of N (organic) to the form
of N (ammonium)

L Ammonification is conducted by plant, animal and microbes.
AThe general reaction of ammonification is:

protease deaminasi

Protein > Amino Acid > NH,

J Example :

urease

CO (NH,), +H,0O > 2NH; + CO,
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N cylce — 3. Nitrification

* Nitrosomonas autotropic bacteria converts
ammonia to nitrite

NH,* --- NO,’
NH," +1,5 H,) -> NO,- + 2 H* + H,O

(Nitrosomonas, Nitrospira, Nitrosococcus, Nitrosolobus)

* Nitrobactor autotropic bacteria convert Nitrite to
Nitrate

NO, --- NO;"
—NO, + 0,5 0,) -> NO;-

(Nitrospira, Nitrococcus)
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N cylce — 4. Assimilation

* Nitrate ion can be transformed to organic matter
by microbes through a process called nitrate
reduction assimilation.

* A group of heterotroph microbes including bacteriq,
fungi and algae are able to reduct nitrate.

* This process utilizes the system of reductize nitrite
and nitrate enzyme to form ammonium which is
synthesized as protein.
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N cylce — 5. Denitrification

 In the absence of Oxygen, nitrite ion play the role as
the last acceptor electron . It is called as Nitrate
Respiration.

e 2 types of Denitrification :
—jon NO3- > NO2-
(Alcaligenes, Escherichia, Enterobacter)

—=ion NO3-=> NO dan N20
(Paracoccus, Thiobacillus)
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N cylce — 6. Mineralization

Orgqnii matter

Decomposers
(bacteria, actinomycetes, and fungi)

|

Ammonia(NH,*)
and (NH,") Ammonium salts
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